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Description 

Field of the Invention 

5 [0001] This invention relates to an aqueous ink composition and to a printing method using same. and. more par- 
ticularly, to an aqueous ink composition containing polyoxyalkylenated polyf luoroisopropylidene glycerol compounds as 
cosolvents and to a printing method using same. 

Prior Art 

10 

[0002] Ink jet printing is a non-impact printing process In which the printer produces droplets of ink in response to 
digital signals, such as those generated by a computer. The droplets of ink are deposited on a substrate medium such 
as paper or transparent f Oms. Ink jet printers have found broad commercial acceptance due to their print quality, low 
cost, relatively quiet operation, and graphics capability. Thermal (bubble jet) and piezoelectric drop-on-demand printers 
15 have been especially successful In the marketplace and have found broad application as printers for personal comput- 
ers in the office arKl the home. 

[0003] Three major concerns dominate ink jet technology: (1) reliability. (2) drying rate, and (3) print quality. The first 
two concerns, reliability and drying rate, are strongly influenced by cosolvents which are included in the aqueous ink 
compositions. If tiie drying rate is ignored, print quality is also influenced by cosolvents. However, for ink jet inks with 

20 relatively fast drying rates, print quality is only slightiy influenced by the addition of cosolvents. As the present invention 
relates to aqueous ink compositions, which have relatively fast drying rates arxi which contain novel compounds as 
cosolvents, the advantages of the novel compounds with respect to reliability and drying rate are emphasized. 
[0004] Typically, reliability is evaluated with respect to the following four criteria. The first is robustness with respect 
to continuous printing conditions such that the ink droplet weight does not change over time and good directionality is 

25 maintained. Good directionality means that the angular deviation of an ejected ink droplet from a nozzle is within about 
±0.5"* from the normal to the plane of the nozzle. The second is robustness with respect to intermittent printing condi- 
tions such that the nozzles do not clog over the time interval in which printing is discontinued. The third is robustness 
with respect to long term storage of the ink within the print head such that printing behavior unchanged from the original 
printing behavior (ink droplet weight and good directionality) can be restored after applying a limited amount of suction 

30 to the nozzles. The fourth is chemical and physical stability of the ink towards storage at two temperature extremes and 
towards cycling between those two temperature exti-emes for an extended period of time. The drying rate of the ink is 
an important factor in determining the throughput rate of the printer. In a sheet fed printer, the ink on a printed sheet 
must be dry before the succeeding sheet contacts it. If the ink is not dry, smearing will occur. 

[0005] Robustness with respect to continuous printing, robustness with respect to intermittent printing, and robust- 
35 ness with respect to long term storage of the ink within the print head are generally highly correlated. Failure to achieve 
the necessary robustness is often due to evaporation of solvent(s) causing precipitation and/or crystallization of solids 
at the air/liquid interfaces, which exist in every nozzle on the print head. For inks which contain dispersed pigments as 
the colorant, failure to achieve the necessary robustness may also be caused by f locculation of the dispersed pigments 
due to a change in solvent composition as solvent or cosolvents evaporate. Typical cosolvents which contribute to 
40 achieving the necessary robustness with respect to continuous printing, intermittent printing, and long term storage of 
the ink within the print head are typically classified as humectants. Humectants have high affinities for water and rela- 
tively high txsiling points. A necessary property, but not a sufficient property, for a humectant cosolvent is a boiling point 
greater than about 230°C. 

[0006] Chemical and physical stability of the ink towards storage at two temperature extremes and towards cycling 
45 between those two temperature extremes is relatively easy to achieve for inks In which water-soluble dyes are used as 
the colorant. For inks which contain dispersed pigments, many commonly used cosolvents will cause destabilization of 
typical pigment dispersions, especially at the high temperature extreme. 

[0007] Formulating ink compositions which dry sufficientiy rapidly on a variety of media is well known in the art. 
Rapid drying is achieved by having the ink composition penetrate into the interior of the print medium. To facilitate pen- 
so etration. media penetrating cosolvents, which are known in the art as penetrants, are included in the ink composition. 
Typical penetrant cosolvents have separate hydrophobic and hydrophilic parts. 

[0008] The two concerns, reliability and drying rate, are often in conflict. As a result, it is difficult to obtain both reli- 
ability and a sufficient drying rate with a single additive. In general, cosolvents which are advantageous with respect to 
obtaining good reliability are poor penetrants. In contrast, cosolvents which are good penetrants are. in general, not 
55 advantageous with respect to obtaining good reliability. Accordingly, a need exists for cosolvents which are good pene- 
trants and which are not deleterious to ink reliability. 

[0009] In Japan Laid-Open Patent Application 62-841 71 . an aqueous recording solution, which contains either a 
cyclic acetal, derived from glycerol and an aldehyde, or a cyclic ketal, derived from glycerol and a ketone, is described. 
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The aldehydes and ketones of that invention are hydrocarbon based and contain only cartx)n, hydrogen, and oxygen. 
Enumerated aldehydes include the following hydrocarbon aldehydes: formaldehyde, acetaldehyde. propionaldehyde, 
butyraldehyde. isobutyraldehyde. benzaldehyde. etc. Enumerated ketones include the following hydrocarbon ketones: 
acetone. 2-butanone. 3-perrtanone, cydohexanone, 4-methyl-2-pentanone, d-camphor, acetophenone. diacetone alco- 

5 hoi. etc. In comparison to a dye-based Ink containing 5% ethylene glycol and 10% glycerol, the example inks of Japan 
Laid>Open Patent Applk:ation 62-84171 containing cyclic acetals or cyclic ketals are faster drying. However, in compar- 
ison to current best practice inks which contain known penetrants, such as Butyl Carbitol (R) (diethyl ene glycol mono- 
n -butyl ether), both the example inks and that comparison ink would be considered slow drying inks. 
[001 0] In comparison to a dye-based ink containing 1 5% polyethylene glycol #300. the example inks of Japan Laid- 

10 Open Patent Application 62-84171 have better chemical and physical stability towards storage at 60*^0. However, in 
comparison to current best practice inks, both the exanrple inks and that comparison ink would lack the necessary 
robustness, with respect to continuous printing, intermittent printing, and long term storage of the ink within the print 
head, needed for actual use in a commercial printer. In summary, in comparison to cosolvents used in current best prac- 
tice inks, the compounds claimed in Japan Laid-Open Patent Application 62-84171 are neither particularly good 

15 humectants nor particularly good penetrants. 

[001 1 ] In U.S. Pat. No. 3.741 ,986. a process is described for preparing cyclic ketals based upon (1) polyhydric alco- 
hols containing at least three hydroxyl groups and at least three cartx)n atoms and (2) ketones wherein each alkyl rad- 
ical is a polyhalogenated. The cyclic ketals of that invention have proposed applications as fire-retardant additives in 
polyurethane and polyester resins and as anti-foaming additives. None of the cyclic ketals derived from glycerol (Exam- 

20 pies 1, 2, 3. 6. 9, 10, 11) are expected to be good humectants for use in inks, as they all have tx)iling points below 
200''C. Cyclic ketals of this type, which are derived from polyhydric alcohols with higher molecular weights than glyc- 
erol, are expected to be better humectants than those derived from glycerol. However, in comparison to cosolvents 
used in current best practice inks, the compounds claimed in U.S. Pat. No. 3.741 ,986. are neither particularly good 
humectants nor particularly good penetrants. 

25 [0012] In Japan Laid-Open Patent Application 64-13080. novel polyoxyalkylenated cyclic acetals derived from pol- 
yhydric alcohols and one or more aldehydes and novel polyoxyalkenytated cyclic ketals derived from polyhydric alco- 
hols and one or more ketones are described. The aldehydes arxj ketones of that invention are hydrocarbon based and 
contain only carbon, hydrogen, and oxygen. Enumerated aldehydes include the following: formaldehyde, acetaldehyde, 
propionaldehyde, butyrakJehyde, hexanal, benzaldehyde. etc. Enumerated ketones include the following: acetone, 2- 

30 butanone, 2-pentanone, 2-hexanone, 3-pentanone, 3-hexanone, 3-heptanone. 4-heptanone, 4-octanone, 5-nonanone, 
acetophenone, cydohexanone. cyctooctanone. etc. The degree of oxyalkylenation ranges from 1 to 100 for non-acetal- 
ized or non-ketalized hydroxyl functionalities. The polyoxyalkylenated cyclic acetals and polyoxyalkylenated cyclic ket- 
als of that invention have proposed eipplications as ink additives, although no specific examples of this usage are given. 
[0013] For the case in which the polyoxyalkylene chain is short, the compounds of that invention have proposed 

35 applications as solvents in aqueous inks. For the case in which the pdyoxyalkylene chain is long, the compounds of that 
invention have proposed applications as emulsifying agents. Several compounds of that invention, in which the polyoxy- 
alkylene chains are short, are expected to be good humectants for use in ink, comparable to current best practice 
humectants. However, in comparison to cosolvents used in current best practice inks, the compounds daimed in Japan 
Laid-Open Patent Application 64-13080, are not particularly good penetrants. 

40 [0014] tn European Patent Application EP 03221 1 0 A2. compounds similar to those described in Japan Lakl-Open 
Patent Application 64-13080 are described. The main difference between the two sets of compounds is that those in 
EP 0322110 A2 have a terminal primary amine on the non-acetal/ketal end of the polyoxyalkylene chain. The com- 
pounds of that invention are useful as intermediates in the preparation of polyoxyalkylene-substituted colorants which 
may be reacted with condensation polymers. Specifically, the compounds are useful for preparing colored modifiers for 

45 polyurethane foams. Several compounds of that invention, in which the polyoxyalkenyl chains are short, are expected 
to be good humectants for use in ink. However, the primary amine functionality may be problematic, in that without neu- 
tralization, inks containing compounds of this type may have compatibility problems with adhesives used in commercial 
print heads. In any case, in comparison to cosolvents used in current best practice inks, the compounds claimed in 
European Patent Application EP 03221 10 A2. are not particularly good penetrants. 

50 

Problem to be Solved by the Invention 

[001 5) As can be seen from the alx>ve examples, cyclic acetals. cyclic ketals. and their polyoxyalkylenated deriva- 
tives have been prepared for use as cosolvents in inks and in other applications. As can also be seen from these exam- 
55 pies, however, none are particularly good as ink jet ink cosolvents, especially in regard to obtaining good reliat^ility and 
a rapid drying rate. Accordingly, there remains a need for cosolvents for use in ink jet inks which provide reliable printing 
performance arxJ are rapid drying. In other word, a need exists for cosolvents which function as both good humectants 
and good penetrants. 
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Means for Solving the Problem 



[001 6] It is an object off the present invention to provide an aqueous ink conrposition for use in ink jet printing which 
gives reliable printing performance and which is rapid drying. 

[001 7] According to the invention described herein, there is provided an aqueous ink composition comprising: 

(a) water as the principal solvent; 

(b) a pigment dispersion or dye; and 

(c) a polyoxyalkylenated potyfluoro-isopropylidene glycerol compound represented by the formula: 




CFbH(3.b) 



H2C 

\ 

0[CH2CH(CH3)0]c(CH2CH'70)<,H 



wherein a = 1 to 3; b = 1 to 3; a+b = 2to6;c = 0or1; and d = (c+1) to 4. 



[0018] The invention further provides a printing method comprising the step of depositing an ink composition as 
defined above orrto a recording medium. 
30 [0019] Moreover, the invention provides an ink jet printing method comprising ejecting and depositing droplets of 
an ink composition as defined above onto a recording medium. 
[0020] Preferred embodiments of the invention are set forth in the claims. 

[0021] The inks of the present invention have good reliability especially with respect to intermittent printing, with 
respect to long term storage of the ink within the print head, and wrth respect to storage at two temperature extremes. 
35 Furthermore, the inks of the present invention are rapid drying on a variety of media. 

Form of Embodiment of the Invention 

[0022] The ink composition of the present invention is suitable for use in an Inkjet printer using any of the methods 
40 known in the art for ejecting ink through a plurality of nozzles contained on a print head. The ink composition of the 
present invention can also be used in a writing instrument such as a pen, in which the conditions for use of the ink are 
less stringent than those of an ink jet printer. 

[0023] The aqueous ink composition of the present invention encompasses both pigment based inks and dye 
based inks. The pigment based inks comprise an aqueous carrier medium, a polyoxyalkylenated polyfluoro-isopropyli- 

45 dene glycerol cosolvent, and a pigment dispersion, which is an aqueous dispersion of pigment particles stabilized by 
dispersants. The dye-based inks comprise an aqueous carrier medium, a polyoxyalkylenated polyf luoro-isopropylidene 
glycerol cosolvent, and a dye. Dye-based inks are satisfactory for most applications, but generally have poor light fast- 
ness and water resistance. Pigment based inks can be prepared which have excellent light fastness and water resist- 
ance. For purposes of obtaining a printed document with a reasonable degree of permanency, pigment based inks are 

50 preferred over dye based inks. The inks of the present invention may be adapted to the requirements of a particular ink 
jet printer, especially with regard to viscosity, surface tension, and compatibility with the materials from which the print 
head is constructed. 

< POLYOXYALKYLENATED POLYFLUORO-ISOPROPYLIDENE GLYCEROL COSOLVENTS) 

55 

[0024] The polyoxyalkylenated potyfiuoro-isopropylidene glycerol cosolvents used in the present invention are rep- 
resented by the formula shown below. Polyfluoro is defined herein as greater than or equal to two f luoro groups. 
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H2C 



10 



H2C 



\ 



0[CH2CH(CH3)0]c(CH2CH20)dH 



15 



wherein a = 1 to 3: b = 1 to 3; a+b = 2to6;c = 0or1: and d = (c+1) to 4. 

[0025] The compounds represented by the above formula may be prepared by any method known in the art. A 
straightfonft^ard approach for preparing these compounds is to first prepare a cyclic ketal from glycerol and a polyf luor- 

20 inated acetone derivative, with ketalization occurring at the 1- and 2-position hydroxyl groups of glycerol. Polyf luori- 
nated acetone derivatives which will result in cyclic ketals within the scope of the claims of the present invention include 
the following: 1.1 -difluoroacetone. 1,3-difluoroacetone, 1,1.1 -trifluoroacetone. 1,1.3-trifluoroacetone, 1.1.1. 3-tetrafluor- 
oacetone, 1.1.3.3-tetrafluoroacetone. pentafluoroacetone, and hexafluoroacetone. In the second step, the remaining 
free hydroxyl group at the 3-position of the glycerol fragment is oxyaikylenated. under basic conditions, using 1) ethyl- 

25 ene oxide only or 2) one equivalent of propylene oxide followed by ethylene oxide. 

[0026] Preparing cyclic ketals from glycerol and polyfluorinated acetone derivatives is more difficult than preparing 
the corresponding cyclic ketals from glycerol and non-fluorinated hydrocartDon based ketones. The latter reaction is typ- 
ically carried out using an excess of the ketone, acid catalysis, and temperatures in the range of 40°C to 180°C. In con- 
trast, special methods must be used to drive the reaction of glycerol and a polyfluorinated acetone derivative beyond 

30 the formation of a stable hemiketal. According to the process described in U.S. Pat. No. 3.795.682. the desired cyclic 
ketal compounds can be prepared by using a carbodiimide compound to dehydrate the stable hemiketal. Another proc- 
ess is described in U.S. Pat No. 3,741.986. in which glycerol carbonate is used instead of glycerol and the elimination 
of cartx>n dioxide is used to drive the ketalization reaction. A third process is described in U.S. Pat. No. 3.285,936, U.S. 
Pat. No. 3.324.144. U.S. Pat. No. 3,324,145. and in J. Am. Chem. Soc. Vol.: 112, Page: 9672. Year: 1990. in which the 

35 epoxide, glycidol. is used instead of glycerol and a catalyst is used to catalyze the ring-opening of the epoxide by the 
ketone. This third process is the most practical for the production of the desired cyclic ketals on an industrial scale. The 
cyclic ketals may be purified by vacuum distillation prior to the oxyalkylenation reaction. 

[0027] As noted atKJve, in the second step, the remaining free hydroxyl group at the 3-position of the glycerol frag- 
ment is oxyaikylenated, under basic conditions. This reaction is typically conducted at temperatures in the remge of 

40 80**C to 150^*0 and at modestly elevated pressures. On a laboratory scale, the oxyalkylenation reaction(s) may be car- 
ried out under autogeneous pressure in a stainless steel autoclave. Typical basic catalysts for this reaction include ter- 
tiary amines, sodium hydroxkJe, potassium hydroxide, alkali metal hydrides, and alkali metal alkoxides. For 
polyoxyalkytenated polyf luoro-isopropylidene glycerol cosolvents used in the present invention in which c = 0 (i.e. the 
polyoxyalkylene fragment is derived solely from ethylene oxide), first, the reaction vessel is charged with the targeted 

45 stoichiometric amounts of ethylene oxide and the cyclic ketal. Next, the reaction is run until the ethylene oxide is com- 
pletely consumed. Similarly, for cosolvents in which c = 1 (i.e. the first oxyalkylene of the polyoxyalkylene fragment is 
derived from propylene oxide), first, the reaction vessel is charged with one equivalent each of propylene oxide and the 
cyclic ketal. Next, this reaction is run until the propylene oxide is conrpletely consumed. Then, the reaction vessel is 
charged with the targeted stoichiometric amount of ethylene oxide and the reaction is run until it is completely con- 

50 sumed. The final products may be isolated and purified by vacuum distillation. 

[0028] Without intending to be t>ound by theory, it is believed that the cosolvents used in the present invention con- 
tribute to the printing reliability of inks containing these cosolvents by functioning as good humectants. All of the cosol- 
vents used in the present invention have boiling points greater than 230''C and have high affinities for water, due to the 
four or more oxygen atoms available for hydrogen bonding with water. Furthermore, the cosolvents used in the present 

55 invention are highly compatible with common humectants, such as glycerol and diethyl ene glycol, due to their structural 
similarities. Again, without intending to be bound by theory, it is believed that the cosolvents used in the present inven- 
tion contribute to the rapid drying of inks containing these cosolvents by functioning as good penetrants. As for typical 
penetrants, all of the cosolvents used in the present invention have separate hydrophobic gUtkI hydrophilic parts. The 
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( PIGMENT DISPERSANTS) 

preferably 01% to 30% by weight and more preferably 0.1 to 20% by weight. 
( POLYMERIC DISPERSANTS) 

10031, Po-vn^ericdispersa^whicharesuit^ej^^^^^^^ 

ives. n which a hydrophobic polymer is covalently '"'^^^^'^X^^^^^^m and a fjdrophobic segment. The 

mized tor binding to multivalent cations^pecrf.caUy. f « ^'^^^J^^'j' 'I^^S^'^^ studies of polyuronic adds indicate 
down-alternating PO<=tetslined with carboxy^ groups andh^^^^ ^. j„ ^he 

r.t!:s,Sa=;si'irr„9rp^^«^^^^^^^ 

Tronic add derivatives described above ,n ^'^^J'^'^^ J^S^^^^^ copolymers, and meth- 

half-esters of maleic acid/styrene copolymers, '-sni" su«o^t« SESn Js Pat. No. 5.085.698 may also be used 
acrylic acid/styrene copolymers. Blod< copolymers of the type descnbed u.&. rai 
as polymeric dispersants. 

< Polyuronic Acid Segment > 

10034, The polyuronic acid is composed P^'^jJ^^V .^^^^^^^ 

ronic acid, or mixed polymers thereof. The polyuron^ WlSc adi used in this invention Is greater than 80 
non-uronic acid saccharides. The uron.c acid "^"^ *f .Jf.g'^'^' g^^^ preferably the uronic acid content is 
wt.%. More preferably the uronic acid content is greater than 85 wt.%. tven mo e ^ 

greater than 90 wt.%. ^^.h Hooctorificafion of oectin. a naturally occurring hydrocol- 

[0035] Polygalacturonic acid is obtained by hydrolysis gppies. «^nflowe.s. and sugar 

polysaccharides. . . ^ present invention is greater than or 

< Hydrophobic Polymer Segment) 

10037, .n one embodiment, the hydrophobic polymer segment is a homopolymer or copc^ymer prepared from at 
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least one monomer selected from the group consisting oi styrene or substituted styrenes. vinyl pyridine or sitetituted 
vinyl pyridines, methacrylic add esters, acrylic add esters, acrytonitrile. methacrylonitrile. butadiene, and isoprene. 
Representative monomers that may be selected include, but are not limited to, the following: styrene. a-methyl styrene, 
3-methyl styrene. 4-methyl styrene. 4-tert-butyl styrene. 3-nitrostyrene. 3-f luorostyrene, 4-fluorostyrene, 2-vinyl pyrid- 

5 ine. 4-vinyl pyridine, methyl methacrylate. ethyl methacrytate. propyl methacrylate, n-butyl methacrylate. tert-butyl 
methacrylate. hexyl methacrytate. 2-ethyl-hexyl methacrylate. octyl methacrylate. lauryl methacrylate. stearyl methacr- 
ylate, phenyl methacrylate, 2-ethoxyethyl methacrylate. 2-trimethytsiloxyethyl methacrylate. glycidyi methacrylate. p- 
tolyl methacrylate, methyl acrylate, ethyl acrylate. propyl acrylate. n-butyl acrylate, tert-butyl acrylate. hexyl aaylate, 2- 
ethyl-hexyl acrylate, octyl acrylate, lauryl acrylate. stearyl acrylate, phenyl acrylate, 2-ethoxyethyl aaylate. 2-trimethyl- 

10 siloxyethyl aaylate. glycidyi aaylate. p-tolyl aaylate. aaytonitrile. methacrylonitrile. butadiene, and isoprene. 

[0038] The hydrophobic polymer, incorporating at least one of the monomers listed above, may be prepared using 
conventional anionic polymerization techniques. Because anionic polymerization uses » living" polymeric cart)anions. 
stringent conditions, with respect to the exclusion of oxygen, moisture, and other impurities, must be maintained during 
the polymerization reaction. Accordingly, solvents and monomers must be rigorously purified before polymerization. 

15 [0039] Hydrophobic polymers prepared using conventional anionic polymerization techniques have very narrow 
molecular weight distributions. The typical polymer has a dispersity less than 1.5 and generally in the range of 1.0 to 
1 .3. Dispersity is the polymer weight average molecular weight divided by the number average molecular weight. Both 
the polymer weight average molecular weight and the number average molecular weight can be obtained from size 
exdusion chromatography, using columns calibrated with polymer standards of known molecular weights. 

20 [0040] As is well known in the art for anionic polymerization, a number of electrophiles will react with „ living" poly- 
meric carbanions resulting in functional group terminated polymers. For the purpose of covalently attached the hydro- 
phobic polymer segment to the reducing terminus of the polyuronic acid, such functional group terminated polymers are 
desirable. Carboxyl terminated, hydroxy! terminated and amino terminated polymers can be readily prepared by con- 
ventional techniques. 

25 [0041 ] In a second embodiment, the hydrophobic polymer segment is a hydrophobic polymer composed primarily 
of a poly(bis-alkyl-siloxane). preferably poly(dimethylsiloxane). 

[0042] In a third embodiment, the hydrophobic polymer segment is a polyamide. Specifically, the polyamide hydro- 
phobic polymer segment is an N-acylated derivative of a polyamine, with the polyamine being one in which greater than 
50% of the amine functionalities are either primary or secondary amines. 

30 [0043] The polyamine, from which the polyamide is derived, is selected from the group of potyamines consisting of 
linear polyethylenimines. branched polyethylenimines, polyallyamine. poly-N-alkylallylamines. and polyvinytamine. The 
acyl groups. R-(CO)-. of the polyamide comprise at least one selected from the following acyl groups: CnH(2n+i)-(CO)- 
, in which n is greater than or equal to 3; phenyl-(CO)-; suljstituted phenyl-(CO)-; phenyl-CH2-(CO)-: substituted phenyl- 
CH2-(CO)-; phenyl-C2H4-(CO)-; and substituted phenyl-C2H4-(CO)-. 

35 [0044] The polyamide hydrophobic polymer segment may be prepared by first covalently attaching the polyamine, 
through one of its amine functionalities, to the reducing terminus of the polyuronic acid. This covalent attachment is 
readily accomplished by reductive amination, as described in detail in the following section (..Covalent Attachment to 
the Reducing Terminus of the Polyuronic Acid" ). In the second step, the multiple amine functionalities of the covalently 
attached polyamine segment are selectively N-acylated using acylating reagents such as organic add halides or 

40 organic acid anhydrides. Primary amines N-acylated in this manner yield primary amides. Similarly, secondary amines 
N-acylated in this manner yield secondary amides. Tertiary amines are not acylated. Useful methods for the selective 
N-acylation of amine functionalities in the presence of hydroxy! groups can be found in work published by Katsutoshi 
Inoue et al. (Adv. Chitin Science, Vol.; 1 . Page: 271 , Year: 1 996) and in work published by Gunda I. Georg et al. (Bioor- 
ganic and Medicinal Chemistry Letters. Vol.: 4. No. 2; Page: 335, Year: 1994). 

45 [0045] In a fourth embodiment, the hydrophobic polymer segment is a hydrophobic polyamine. Specifically, the 
hydrophobic polyamine polymer segment is a poly- N -alkylated derivative of a water soluble polyamine. 
[0046] The water soluble polyamine. from which the hydrophobic poly- N -alkylated polyamine is derived, is selected 
from the group of water soluble polyamines consisting of polyethylenimines. polyallylamines, polyvinylamines, po!y(pro- 
pylene imine) dendrimers. and poly(amidoamine) dendrimers. The alkyi groups of the poly-N-alkylated derivative of the 

50 water soluble polyamine have the following general form: -CHX1X2. The group may be H. an alkyI, a substituted 
alkyI, an aryl. or a substituted aryl group. The group X2 also may be H. an alkyI, a sutDStrtuted alkyI, an aryl. or a substi- 
tuted aryl group. The degree of N-alkylation of the covalently attached water soluble polyamine is greater than 10% of 
the total amine functionalities on the water soluble polyamine. More preferably the degree of N-alkylation is greater than 
20%. Still more preferably the degree of N-alkylation is greater than 30%. 

55 [0047] The hydrophobic polyamine polymer segment may be prepared by first covalently attaching the water solu- 
ble polyamine. through one of its amine functionalities, to the reducing terminus of the polyuronic acid. This covalent 
attachment is readily accomplished by reductive amination. as described in detail in the following section (..Covalent 
Attachment to the Reducing Terminus of the Polyuronic Acid" ). In the second step, the multiple amine functionalities of 
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age molecular weight is from 500 to 5000. 

(CovaleotAttachmenttotheReducingTerminusolthePolyuronicAcid) ^^^^^ 

[00491 Asthereisonlyoneuniquetunctionalg^^^^^^^^ 
Lent attachmert of a hydrophobic polymer to the term^^^^^ approaches are available, the preferred 

persants trom polyuronic acids described ^rZ«m^^^^^^ 
Method is reductive aminatior, using ^^Jf^^^^^rSSdS^^^ - obtained directly In the latter case me 
i or 2) a polyamine. In the former case, the desired PO'y"?^"'^"° ...nationalities must be further f unctionalized. using 
^LfyamL'which is covalently ^ "£^"^1^^ bS^^^^ Mrophobic. As is w^l known for 
Sective methods, such that the ^^^l^^^^X^^^7^e6oo^ teroinus exists in solution Predom.nanty 

S^a^S^S^R^reSS^^^^^ 

" K-^Btd^Serrnisco— yand^s^^^^^^^ 

n iueous or alcoholic aqueous solutions^ Typically "^^"^ ^^JJ^'^^^^t^^temmonium borohydride. Typically 
^^hydride. lithium borohydride. tetran^l^ammono^^^^^^ cyanLrohydride. lithium cyanoborohy- 

used cyanoborohydride salts include sod.urn °^^2de ^a^ must be used at pH values greater than about 7 

.5 drKle, and tetrabutylammonium cy^^^^f^^J^ S S^ abS 3- Another convenient and selective methed .s ca - 
Cyanoborohydride salts may be "^ed ^tpH ^lu^^s la^^^^ ^^3,5, ^ nn^el. pa^ 

alytic hydrogenation using metal ^^^"^ J^^^^^^^^SiX^y be used in either supported or unsupported 

hydroxide, and 3) formic acid. aminatton which result in covalent attachment of a hydrophobic 

[00511 synthetic approaches other than 

^lymer xo the reducing terminus of the polyuronic aad. also may be used. 

35 

(COLORANTS) 

100521 colorants useful in practicing the invention comprise both pigments and dyes. 

40 (Pigments) , 

[00531 The Pigments used in the prese. — S^S^ ^ns^btl^^^^^^^^^^ " 
rganic or inorganic pigments. The ^9-^^^^^^^^^ ,,3p,,3ed ink through the ink 

is-i^-rs^^^^^^^^^^^ 

Theselectedp^mentmaybeusedindryorwetformus^^^^^^ 
Lndtherasulting Pigment is obtain«iasa««te^^^^^^ 
to the extent that it is in a dry form. Pigments in wet presscaKetorm oo noi «4 

of preparing inks as do dry pigments. lollowing-. Symuler Fast Yellow GF (Dainippon Ink: 

100561 Pigments used in the present invenbon may include the ^ "9 ^ 3. g ^^i^r Fast Yellow 5GF 

?..Pgmem Yellow 12), Symuler YeHow fRF °ai^^^ 3^^,,,, Past Yellow 

(Dainippon Ink; C.I. Pigment Yellow 14), '^S^'^'^ bellow CG {Ciba-^^^^ (Dainippon ink; C.I. Pigment Yellow 73), 
Up foainippon C.I. bellow V^' S^"^!^^^^ 
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CI Pigmert Yellow 95). Symuler Fast Yellc«.4186(Dainippon Ink: CXPigmertYell^^ 

mmmmmm 

carbon-black based pigment dispersions. wi /m<v onv hv wpiaht 

[00571 The amount of pigment in the ink composrtlon of the present invention .s preferably 0.1% to 20% by weight 
and more preferably 0.1 to 10% by weight 

<Dyes> 

100581 The dyes used in the present invention comprise at least one selected from the group consisting of water 
soluble dyes which include the Acid. Direct. Food, and Reactive dyes. ^ ^ , , . ^ . .^.^ o.-.k 7 c I Acid 

B^ck 155 S. aS B°ack 156. C.I. Acd BlacK 187. C.I. Direct Black 17. C.. Dir^ ^'J-^' fr^,S^^iui 
DiLt Black 38, C.l. Direct Black 51 . C.I. Direct Black 71 . C.l. direct Black 74^^ D^ert Black 75^^ 
35 CI. Direct Black 117. C.l. Direct Black 154. C.l. Direct Black 163 ^"^^ ^i^* ^' 3^°^,^^ Red 42^1 

Violet 47 C 1 Direct Violet 48. C.l. Direct Violet 51 . C.l. Direct Violet 90. C.l. Direct Violet 94. C J_ Acid Blue 9. cx Acia 

^tZ i C ■ ^ -SZVl' £ S vaiow 72. CI- Direct v«low 27. C I D»eB Yai». 28. CI. Oi.ect Wk-aS CI. 

39 C ll^Sio. «. CI. D»«, V*« S6. CI. Dir«. V.«». ">0. CN Dl,=« Yell=» "2. and CI. R^c 

S"" 'tw 01 « »» mkcmposlBW ol tn. pr«enl WMM I. |xel.»«y 0.1% to 25% b, -sishl and 

more preferably 0.1 to 15% by weight. 
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55 (WATER) 



rooeil Water is the principal solvent for the aqueous ink compositions of the present invention. Additional^^^^^ 
Slhich^ybe^ 
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so.u«e organic soK,ent(s) depends on rec^rernents f^^J^^^^ 

surface tension, and compatibilrty wfth the materals from whK*i P""^'^^'^ ^^SSrts rt Se fqueous carrier 



99.8% by weight 
(BASE) 



[00621 TO solubilize the polyuronic add segment of the pigment dsper^nt in the ^^^^"^^'^^'^^Xr^s 
,0 S to neutralize some or all of the polyuronic acid's caboxyhc j""* ^^.^^^^^^^ 

methyl^iethanolamine. tetramethylammonium hydroxide, ammonia, lithium hydroxide, sodium hyaroxioe. poia 
IS hydroxide, rubidium hydroxide, and cesium hydroxide. 

(WATER SOLUBLE COSOLVENTS) 

[00631 in addttion to the above described components, the inks may «»ntain optiona^^^^ f^VIsTprp^alcLC 

mmmmimmi 

glycol monomethyl ether, triethylene glycol monoethyl ether, tnettiylene f y~'_;™"°:"J ^^^^ ^ J^ol 

present in a range of 0.5 to 40 wt.%. 
< OTHER COMPONENTS) 

[0064, in addrtion to the above described components, the inks may 
the visc»sity of the ink is less than 10 cps at 20°C. 
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(INK PREPARATION) 



}0 



T5 



25 



30 



35 



10065, The^flmentbasedinKcornpo.«onso1thepre^« 

n,bdng me aba.e described componerrts deS^cJCnents aoTmen 2) adding the 

pared in two steps by 1) dispersing and mixing some the ^^^^^ r^^nghed using a ball mill, a sand 
Remaining components to thedispe,siona«lmixingJhe^^^^^ 

mill, an atrittor. a roll mill, an agitator m.11. a horaontal ""^^I "iL^"^^' ink composrtions. since a 

cause obstruction of the nozzles on the printhead of the Ink jet pnnter. 

Examples 

[0067] The present invention will be further described by way of spedfic examples. 
Preparation of 2,2-Bis(trifluoromethyl)-4-hydroxymethyl-1.3-dioxotane 

ferred to a 250 mL round bottom flask and the ''3"!^,''^^^ ' nd 18 r^^^ "tS yield of product was 117 g 
the liquid, the product was isolated by vacuum distillation at 76 C and 18 mm or Mg. i ne y « w 

vtfhich is 81% of the theoretical value. 

Preparation of 2-methyl-2-trifluoromethyl-4-hydroxymethyl-1 .3-dioxolane 

The combined solution was stirred for an add*onal the liquid was heated wrth stirring 

evaporator. The remaining liquid was ^^^^^^^^^f"^"-^ S^°S2SS^cuum dis«lla«on at 78'C and 14 
at 100°C for 1 hour. While contnuing to heat the liquid, the proaua was iso aieo uy 
mm of Hg. The yield of product was 86 g which is 77% of the theoretical value. 
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Preparation of 
[0070] 

H2C I \cF3 
H2C 

OCH2CH2OCH2CH2OH 



20 



(96.1 g; 0.4 moles) and potassium hydroxide (0.5 9^ ^**r®"®^!^!l°=^ " cool the combined mixture, the auto- 
L^xtur; of the cyclic keta. and the basic catalyst with «*7^^^J.,f ^^^^^^ STSmperature of the auto- 
clave was purged 0I oxygen using argon gas ^"f room temperature, 
clave was raised to 1 25»C and then kept at mat tempera^^^^^ 

the autoclave was vented and the ^^'^^P;"^"*^*^?.^ l^^^J^ ^S^^^^ 1 19 g which is 90% of the theoretical 



30 



35 



40 



Preparation of 
[0072] 




H2C 

\ 

OCH2CH2OCH2CH2OH 



t0073, A . L stirrer-ecuippea autoclave was cha.,^ ^ ™ 
50 olane (74.5 g: 0.4 moles) and potassium ^Vdrox-de (O^g^ B^^^^^^^ ' .^^ ^j^„,e. 

into the mixture of the cyclic ketal and the basic ^^^l^^ ^™^,^'3'^°^7^^^^^^^^^ the temperature of the 

the autoclave was purged of oxygen "^'"9^8°"^^,^"^*'^"^^^^ S,' 3 S coding the mixture to room temper- 



(EO)2. 
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Preparation of 
[00741 



20 



25 



H2C 

\)CH2CH(CH3)OCH2CH20CH2CH20CH2CH20H 

^ «as charaed wHh 2 2-bis(trifluoromethyl)-4-hydroxymethyl-1 .3-dioxolane 

[0075] A 2 L stirrer-equipped autoclave was ^''f 9^^*""^!:=^^ hvdroocide (0.6 g). The autoclave was purged 
96.1 Q-. 0.4 moles), propylene c«ide (23-3 j; 0.4 -o^M^^^ S the autoclave was raised to 

of oxyger, using argon gas and S *e -nixture to room temperature, the autoclave was 

125»C and then kept at that temperature for 3 f^o^-^^^^^^^Kc into the mixture with stirring. While continuing 
vented. Next, ethylene oxide (52.9 g; 12 moles) ° ^ ''^j^^^^^^ gas and then sealed. While stir- 

to coo. the combined mixture, the autoclave was again P^l^^^ ^^"'^^'C "^^^^ t^at temperature for 3 hours. 

:rc:ire:::rr:c=r^^^^ 

30 pound is abbreviated (F3)(F3)-ipg-(PO){EO)3. 
Preparation of Polyguluronic Acid 

^0076, ISO g Of alginic acid (Product ^ f ."'tl^To tSJrw:ra^t' I'^^t^yl^^^^^^' 
3S ried in 600 mL of deionized water in a 1000 mL dis^lved to yield a solution with a 

d«te. while stirring the slurry with an overhead volume of 750 mL. Next, the solution 

beaker. TTie slightly cloudy supernatant was '^^^^'^^^ZsIUb^ of by standard procedures. The 
PFA container. The iodine, from which the ^P«"^«^"^^^^S t^e and the lid was tightly sealed. The sealed 
45 threads on the opening of the PFA "'"f "JJ^^'^^^^^ti?^^^ After cooling to room temperature, 

PFA container was submerged using a lead weight in a l^^"^"^^^ #4 vwhatman filter paper. The filtrate 

the sealed container was opened and the m^ure -^'J^en^er S^ctS. After adding 2 mL of n-octyl alcohol 
was transferred to a round bottom flask to which a r^lux condense ^as emc ^ ^ 

to the solution, the mixture was magneticany '^"f.^^^^.^^lf^^Z Slux condenser until the pH of the mix- 
so the mixture, concentrated hydiochlonc aad was '^^^ pH test paper having a range of 0.8 
ture reached a value of 1.0. TT,e pH value was ^^'''^f "^'"^ ^^J^^" heated at reflux for an 
to 2.0. This addition of acid resulted P'^fjP;^"'^^^ by vacuum filtration 

:rreriiCTorS?n^^^^^^ 
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„.,.«,e so,u«onwH>c. contained .c«n.aw^^.^^^^^^^^^ 

of the mixture reached a value o. 3.1. as was ^l^*^''™"^ "^^"9 M.ad.ne pH ^^^^ ^.^^ 

The sold Which predpitated was ~ile<ned -a-""^«^^^^^^^^ of deionized water. While 

glass filter. The wet solid was transferred to a After stirring for 1 hour, the solid was ool- 

stirring the slurry, 500 mL ol 95% ethanol was ^^"^^^"^'1^^^^. g,ass filter. The solid was washed with 
lected by vacuum filtration usinga2e^r.^yg^^^^^ 

slightly more than 200 g. 

Preparation of Polyguluronic Acid reductively aminated with Polyethylenimlne (MW=800) 



[PGA-PEISOO] 

100791 200 0 Of polyguluronlc aod and 70 g ^.^J^^^i'^^^^^^^^^^ 

Ure dissolved in 600 mL of water conte.n«l '^^^^^ solution was adjusted to 8.95 by 

polyethylenimine was added to the solutonw* sh^nnB_N^^ 

Spwise addrtion of 12 N ^^V'^'^f '""'^.^^i^^^^ temperature for 10 days. While s.V- 

total volume of the solution up 1500 'J'^-^^^^'^^^^^^ to the solution in f ive 2.0 g portions over a period 
ring the solution vigorously. 10.0 g of ^^'"'"^^I^^^^^ again stirred vigorously, and 2.0 g of lith.um 

of 6 hours. The solution was set as.de to stand ^^/"'f J^^;,^^^*^^e solution was again set aside to stand over- 
borohydride was added in ten 0.2 g portions over a Pf ''J °* '° J^'^^^*^ adjusted to 2.0 by dropwise addition 
night. While stirring the solution vigorous^ ''f I wat^Tdd^ wrth^Jro^ slirJing. The product separated as an 
of 1 2 N hydrochloric acid solution. Next. 3 L of ^^anol ^^^^^J^^.^^il with several large portions of ethanol . the 

100801 60 g Of PGA-PEISOO. 200 g of -r;^^"^SlZ1^"e2r^^^^^^^^ 

deionized water contained in a S L beaker Wh^^e^-r^^^^ tetramethylammo- 

monium cyanoborohydride, which was prepared "T^J^^^^J^^^er a p erf 21 hours. After the first 5.0 g 
nium chloride in absolute ethanol. ^''asadded.n seven 5.0 gporto^^ 
addition of tetramethylammonium cyanoborohydride. the pH of the mixture was aaju 

of 3 N hydrochloric acid solution. adjusted to 7.8; after the third addition the pH 

[0081] Similarly, after the second addition, the pH of *e m»A^re was aoju ^ ,^ 

LsaUedto7.4:after the fourth addition, the pHwa^^^^^^ 

6.6: after the sixth addition, the pH v«s H ^Jure was set aside to stand for 12 hours. Next, 

of the tetramethylammonium cyanoborof^dride had been addecL^^h^^^^^^^^ e vigorously, 35.0 g of tetrameth- 

200 g of propionaldehyde was added to the reaction "''^"r*„^4 ^^^/^^^^^^^ gi hours. After each 5.0 g addition 
ylammor^um cyanoborohydride was acJded J^SrT^raTs^Sto 5 8 by the dropwise addition of 3 N 

°.sr==^^errrs^^^^^^ 

[SS"*°Sro;iranolwas.d.w.stim^^ 

lie acid solution was added dropwise to tiie of 2.0. The addition of hydrochloric acid 

addition was continued until the pH of the mixture ,0 stand for 12 hours, the solid was 

resulted in precipitation of an off-white solid. ^«^;//Sons^^^^^^^ Sas air^ried and then dried to a 

collected by filtration and washed with several large portions 2 propanoi^ i deionized water, 

constant weight under vacuum. A 250 '^'J.'^'ir^^^Srne w^^^^^^^ AfterLst of the sdKl had 

While stirring the mixture vigorously. ^.N^'n^^SSse^irSnt^^^^^^ the pH of the solution, 

dissolved, N,N.dimethylethanoIamine «f ,f ^«f^ ,^en the solution pH reached a constant value of 

solution was filtered through a 3 micrometer teflon membrane filter. 
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Preparation of the Pigmerrt Dispersion 

wSe^SS as^e JSTmedia. MiWng was carried out at 4000 rpm for a penod of four hours. 

FW 18 (cartwr, Wack pigment: Degussa Corp.: C.I. Pigment Bla* 7) 38 g 
Pigment Dispersant solution (described above; 22 wt.% solids) 78 g 
deionized water 134 g 

the pH of the pigment dispersion reached a constant value of 8.5. 
EXAMPLE 1 

20 printing was obtained- 

Pigment Dispersion (described above; 15 wt.% solids) 100.0 g 
deionized water 220.0 g 
glycerol 20.0 g 
25 (F3)(F3Hpg-(EO)2 60.og 

EXAMPLE 2 

printing was obtained. 

Pigment Dispersion {described above; 15 wt.% solids) 100.0 g 
deionized water 220.0 g 
35 glycerol 20.0 g 

(F3)(H3)-»Pg-(EO)2 60.0 g 

EXAMPLE 3 

printing was obtained. 

Pigment Dispersion (described above; 15 wt.% solids) 100.0 g 
45 deionized water 230.0 g 
glycerol 20.0 g 

(F3){F3)-ipg-(PO)(EO)3 50.0g 



50 



COMPARATIVE EXAMPLE 1 

printing was obtained. 



55 Pigment Dispersion (described above; 1 5 wt.% solids) 1 00.0 g 
deionized water 220.0 g 
glycerol 20.0 g 

isopropylidene glycerol (abbreviation: Solketal) 60.0 g 
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COMPARATIVE EXAMPLE 2 

5 printing was obtained. 

Pigment Dispersion (desaibed above: 15 wt.% solids) 100.0 g 
deionized water 220.0 g 
glycerol 20.0 Q 
w triethylene glycol (abbreviation: TEG) 60.0 g 

COMPARATIVE EXAMPLE 3 

printing was obtained. 

Pigment Dispersion (described above: 15 wt.% solids) 100.0 g 
deionized water 220.0 g 
20 glycerol 20.0 g 

diethylene glycol (abbreviation: DEG) 60.0 g 

COMPARATIVE EXAMPLE 4 

printing was obtained. 

Pigment Dispersion (desaibed above: 15 wt.% solids) 100.0 g 
30 deionized water 220.0 g 

SSne gty^l mono-n-buty. ether (abbreviafion: DEG-m BE) 60.0 g 

COMPARATIVE EXAMPLE 5 

printing was obtained. 

40 Pigment Dispersion (described above: 15 wt.% solids) 100.0 g 
deionized water 220.0 g 

?K°ene 2ylo. mono-n-buty. ether (abbreviation: TEG-mBE) 60.0 g 
45 Intermittent Printing Test 

10094, T.e reliabiilty under internment prin«ng conditions oHhe ^-^"^^X^trth'^^l^^^^^^^ 
was degassed and sealed in a heat-sealable a'"'"'"^ P^*^^ f^^^; '^^ initially 
930C printer (Product Name. Seiko Epson Corpora 'on^ A was ctenged to one 

toestablish that ink was being ejected iromalnozzlesw*^^ 

in which one drop is ejected from each "O^'^J^ff^^^^y; one dot ejections followed by a 
remains uncovered and no ink drops are ejerted Jh.s pattera 'JJ °^tig ?n un^^^ of 5 seconds, 
rest period, is repeated successively with *e l«^h cj*e r^^^^ " - ^^^^^ ^.^ p,,^ -.3 

[0095] For example, the first rest period is 5 ^^cond^the sewno re« ^ standards 
5 seconds, etc. The time interval of the rest period in '^'^V^^^^^l^^^^^^m time interval before the 
were used to evaluate the reliability wrth ^«^«<f;° '7^^^^?^^^^^^ nozzle failure was greater 



so 
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was less than or equal 
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to 60 seconds (C). Jr^e results of this test are shown below in Table 1 . 



70 



15 



Long Term Storage Test 

to0961 The reliability tc«««Js long term storage in Je print head 
E was degassed and sealed in a heat-sea^^m^^^^^^ 

MJ-510C printer (Product Name, Seto Co^«*on^ ^pp.^ ,^ed 
tially to establish that ink was being ejected from all -^6 uncapped print head was stored tor 7 

oml^e print head, and then the print head v«s '^^ZT^^eJ^o^-^^ ^ ink supply was reat- 
days at 4b°C in a constant temperature oven^ The P"rt^^^^^ 

?S"^'te.ollov.ng standards were used to evaluateth^ 

Ser of Cleaning opera«ons '-^^J'^^'^T^^tS^:^^^^ ^tions necessary 1- 'ul. re«jvery 
atlons necessary for full recovery was ether 4 0^^^^ 

was areater than or equal to 6 and less than or equal to lu 

opStions (F). The resuHs of this test are shown below m Table 1 . 

20 Thermal Cycling Test 

^ / w>r and 60°C) Of the above inks was evaluated as to^ 
[00981 The reliability towards two t^n-perature extremes(-M C ara ^ i^^^ ^ 60°C 

oTpirst. the ink was degassed and sealed in a 30 mL 9^!^^^"^^^ ^ou^^^^^ sample was removed from the 
S^ant temperature oven and stored at that temperature ^"^J^^^^'^I^^Za temperafcire condition for 24 hours. 
rv^^^trrsferredtoa-aO-Cconstamtemper^^^^^^^ 

This two temperaturecycle was reputed such t^iata t^^^^^ ^ sample bo«le 

thawed to room ^^'^^^^'^'^f f^J^^^^^^e^^^^^ the reliability with respect to the therma 

examined for precipitates. The m) and a considerable amount of preaprtates. For all 
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Drying Time Test 
Table 1. 



Table 1 
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Claims 

1 . An aqueous ink composition comprising: 
(a) water as the principal solvent" 



CF,H(3.a) 



7 



o 



\>[CH2CH(CH3)01c(CH2CH20)<iH 



20 



o ^♦^'^ fl^-2to6 C = 0orl;andd = {c+l)to4. 
whereina=:1to3;b=lto3.a+to-2tob.o u . . 

CgHHCO)-. 
uWe polyamine. 
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and po!y(amidoanriine) dendrimers. 
70 to 99.8% aqueous carrier medium. 

greater than or equal to 700. 

is greater than or equal to 300. r^^ith 
and mixtures thereof. 

17 onto a recording medium. 
« 21. Arecordedmediumrecordedbythemethodo.claim19or20. 
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